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1. Introduction 
A series of biochemical data indicates that the 
ribosomal proteins 54, S8, S15 and 520 are specifically 
bound to 16s RNA, for a review see ref. ill. How- 
ever, very little is known regar~g how these proteins 
interact with the nucleic acid. One approach to a 
better understanding of this interaction may be to 
first analyse the conformation of the individual com- 
ponents and then to analyse the specific rRNA- 
protein complexes by using the small-angle X-ray 
scattering method. As the first step of this general 
study, we have characterized both S4 and its binding 
area on 16s RNA from their small-angle X-ray scat- 
tering curves (2,3f. Here, we report the results from 
similar studies on the proteins Sl, 58, S15, S16 and 
SZO. The results indicate that these proteins are 
elongated: the proteins S8, Sl5 and S16 appear to 
have a largest dimension of about 100 1p and they are 
similar to the L18 and L25 proteins [4] ; the protein 
Sl is more elongated and appears to have a maximum 
dimension of about 260 A . It should be noted that 
all the proteins were prepared by a new, gentle method 
[S] that appears to preserve their native conforma- 
tions, cf. [6]. 
2. Materials and methods 
The proteins were prepared by a salt extraction 
Elsevlff ~~orth-~oi~nd Biomedical press 
procedure, where a stepwise LiCl extraction of the 
protein was used followed by chromatography on 
CM-Sephadex C-25, using LiCl gradients [5] . Further 
purification was obtained by gel filtration on Sephadex 
G-100 at high ionic strength. With the present method 
of prep~~on, dena~~g conditions uch as the 
use of urea, low pH, and lyophilization were avoided 
[S] . The identity and purity of the proteins were 
established by two-dimensional gel electrophoresis 
[7] and by one-dimensional slab gel electrophoresis 
in the presence of sodium dodecylsulphate [8] . Also, 
as indicated by an electrophoretic method [9] , the 
preparations of the proteins S8, S15 and S20 bound 
specifically to 16s RNA. 
When the protein samples were studied with the 
~~-~~e X-ray scattering method, the protein Sl 
was run in a 50 mM K-phosp~te buffer of pH 7.80, 
containing 0.3 M KCl, 0.01 mM pheny~e~yl- 
sulfonylfluoride (PMSF), 0.02 mM benzamidine 
(BAM), and 0.2 mM dithioerythritol (DTE); the 
protein S8 was run in a 0.05 M NaAc buffer of 
pH 5.6, containing 0.6 M LiCl, and the same concen- 
trations of PMSF, BAM, and DTE as the previous 
buffer; the other proteins, Sl5, S16, and S20, were 
run in a 0.05 M NaAc buffer of pH 5.6, containing 
0.4 M tic1 and PMSF, BAM, and DTE of the concen- 
trations indicated above. The final protein concen- 
tration of the solutions ubjected to X-ray measure- 
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ments was determined by nitrogen and carbon 
analyses [lo]. 
The X-ray small-angle scattering data were recorded 
with a camera developed by Kratky and Skala [ 1 l] . 
The scattering angle was set by an on-tine Hewlett- 
Packard computer 21OOS, which also received and 
recorded the intensity data ~~gren, B. G., Sjbberg, B. 
and ijsterberg, R., unpublished ata). Monochroma- 
tization was achieved with a nickel &filter and a pulse 
height discriminator in conjunction with a propor- 
tional counter. All measurements were made at 2 1 “C. 
The absolute scattered intensities were obtained using 
a standard Lupolen sample [121; the Lupolen sample 
had been previously c~brated at the Graz Institut 
fur Physikalische Chemie . 
3. Results 
The small-angle X-ray scattering data were recorded 
for the following concentrations: 2-6.2 mgfml (Sl); 
1.5-3.5 mg/ml (SK); l-3 mg/ml (S15); 2-8.8 mg/ml 
(Sl6); and 2-4 mg/rnl (S20). When the normalized 
intensity (T/c) was plotted against the scattering angle, 
no significant concentration dependence was observed 
(c is the concentration i  mg/ml). The data were 
analysed by first calculating the p(r)-function (a 
Patterson analogue function), the radius of gyration, 
and the slit-corrected I(O)-values, using a computer 
program developed by Glatter [13 ] ; the slit-corrected 
data in the form of Guinier diagrams are shown in 
fig.1 and the radii of gyration are listed in table 1. On 
the basis of the p(r)-function, various triaxial bodies, 
described by two parameters, were assumed and 
smeared scattering curves were then calculated. Using 
a curve-fitting procedure, the calculated curves were 
super~po~d on the primary data and, from this 
comparison, the best fitting two-parameter model was 
chosen, As a control of a certain model, the molec- 
ular weight is determined via the 1(0)-v&e, obtained 
as the difference in readings on the vertical axes of the 
experimental nd calculated graphs [4] (cf. figs 2 and 
3). As an example, fig.2 shows the experimental data 
of S16 in the best fit relative to the scattering curve 
of a two-parameter model. 
For the refinement of the two-parameter models, 
a weighted least-squares computer program was used 
1141. The results, as far as proteins S8 and Sl S are 
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Fig.1. Guinier plots, log Iversus (20)a, of slitcorrected 
scattering data. The straight lines are calculated assuming the 
radii of gyration listed in table 1. 
concerned, are listed in table 1. It should be noted 
that apart from the prolate e~psoid, the results 
obtained indicated that the S8-data give equally good 
agreement with scattering data calculated from an 
oblate ellipsoid with the semiaxes A = B = 30.5 A and 
C = 7.5 A. However, such an ellipsoid corresponds to 
Table I 
Molecular parameters of ribosomal proteins from 
Escherichia co& 
Protein 
Ellipsoid 
model Axes R 
S8 Prolate A=48A 23 A 
B=C=14A 
s15 Prolate A=58a 26.5 II 
B=C=10.5A 
S16 Prolate A=43ih 21 A 
B=C=12A 
S1 See fig.2 L) max = 260 Aa 72 II 
and the text 
a Maximal distance within the particle obtained from the p(r) 
curve, cf. 1131 
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Fig.2. Experimental X-ray scattering data for the S16 protein 
compared with the scattering curves calculated for three 
prolate ellipsoids with a gyration radius of 21 A and the 
axial ratio A/B of 4.5,3.5 and 3.0; the B and C semiaxes are 
equal and the A semiaxes are 42,43 and 44 A, respectively. 
Please note that the theoretical curves, log? versus 28, are 
smeared; they are normalized so that their intensity (not 
smeared) at zero angle, I(O), is equal to 1 .O. The upper 
dashed curve is shifted downwards (0.015 units) and the 
lower dashed curve is shifted upwards (0.02 units). 
a radius of gyration, R = 19.7 A, which appears to be 
too low; therefore, as a first approximation, the shape 
of S8 may be described by a prolate ellipsoid (table 1). 
The data of protein S20 did not yield satisfactory 
numerical stability at the calculation of the p(r)- 
function, cf. [ 131. Also, the I(O)-value as well as the 
form of the scattering curve indicated that the S20 
protein, to a certain extent, is aggregated in the 
solution. Therefore, for S20, no comparison with 
models was made. 
The p(r)curve of protein Sl indicated a structure 
that is more complicated than that produced by a 
simple two-parameter llipsoid. Figure 3 shows the 
comparison between the data of Sl and those calcu- 
lated for three different models; the scattering curve 
for a two-parameter llipsoid is included for com- 
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Fig.3. Experimental X-ray data for the Sl protein compared 
with scattering curves calculated for three models (o, 
6.2 mg/ml; A, 3.2 mg/ml): (A) two identical ellipsoids 
(A = 130, B = 20, C = 8 A) with A and B semiaxes in the 
same plane and with an angle of 23” between the A axes; 
R = 68 A; (B) two identical elliptic cylinders (A = 20, B = 8, 
H = 220 A) with the A and H axes in the same plane and with 
an angle of 20” between the H axes; R = 72 A; (C) prolate 
ellipsoid with the semiaxes A = 186 A, and B = C = 23 A; 
R = 85 A. Please note that the theoretical curves, log r versus 
20, are smeared; they are normalized so that their intensity 
(not smeared) at zero angle, I(O), is equal to 1.0. The upper 
dashed curve (A) is shifted downwards (0.02 units) and the 
lower dasheddotted curve (C) is shifted upwards (0.01 unit). 
parison. As follows from fig.3, the best agreement 
with the experimental data is obtained by the 
scattering from a V-shaped model, formed by two 
identical, flat elliptic cylinders (A = 20, B = 8, 
H= 220 A) with an angle of 20” between their main 
axes. Also, in fair agreement with the experimental 
data, there is the V-shaped model of two flat ellipsoids 
(fig.3). The prolate ellipsoid model, the scattering 
curve of which only fits in the most proximal angular 
range (fig.3), has a quite unlikely maximum dimension 
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of 392 & As indicated by a least-squares data treat- 
ment [ 141, a better fit in the more distal angular ange 
can be obtained, but then an even more unlikely 
ellipsoid results, one with a maximum dimension of 
800 II. 
The partial specific volumes,ir, of the proteins 
were either analysed by a digital densitometer (Sf 
and S20), [ 1 S] , or calculated from the primary 
structures (S8, S15, Sl6); the results were,irr = 0.74r 
(Sl),irr = 0.750 (SS),irr = 0.736 (S15),& = 0.738 
(S16), and-i; = 0.75e cm3/g (520). On the basis of 
theseT, -values and the I(O)-values obtained [4] , the 
molecular weights were calculated. The results were 
75 000 (Sl), 10 600 (S8), 9500 (S15) and 10 000 
(S16). These values are in essential greement with 
the molecular weights of S8 (12 200), S15 (10 000) 
and S16 (9200) reported from analyses of the primary 
structures [16-181. 
4. Discussion 
The results described in the previous ection are in 
agreement with our previous tudies [2,4,19,20] on 
ribosomal proteins, indicating that these proteins 
generally are highly elongated with axial ratios from 
1:3 to 1:lO. The S8,S15, and S16 proteins eem to 
belong to a class of proteins having a maximum 
dimension of about 100 A. Of these, the S8 and S16 
proteins eem to be somewhat more compact han 
SlS;theyhaveaxialratiosof3.4and3.6,respectively, 
as compared with 5.5 for S15. Such a relatively com- 
pact structure is further indicated for S8 from electron 
microcopy using ~tib~y markers, since only one 
single antibody site was detected on the 30s subunit 
[ 1,211. Regarding the protein S15, on the other 
hand, two antibody sites were detected in the 30s 
unit which were far apart, thus indicating, in agree- 
ment with our data, that Sl5 has quite an elongated 
structure [1,21]. 
The elongated nature of protein Sl has been 
indicated from previous tudies involving both electron 
microscopy [l] and X-ray scattering [22] . Our molec- 
ular weight, 75 000, and radius of gyration, 72 A, 
are higher than those previously reported 1221, 
66 500 and 58 il. In this study both I(0) and the 
R-value are obtained by the integration of the p(r)- 
function [ 131 rather than from a Guinier plot. Also, 
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the curve-fitting procedure using smeared theoretical 
curves yields a satisfactory fit for R = 72 A and a 
molecular weight of 75 000 (cf. p. 116 and Model B 
in fig.3). However, the uncertainty is considerable as 
indicated in fig.3 where the smeared scattering curve 
co~espond~g to an R-value of 68 A (curve A) yields 
an even better fit in the proximal angular ange. In 
excellent agreement with our results, the previous 
X-ray scattering study indicated a maximal distance, 
D max, within the molecule of 260 A, and a high 
water content 1221. In addition, our &)-data indicate 
that more than one triaxial body is required in order 
to describe the data. As shown by fig.3, a model 
consisting of two flat, elliptic cylinders arranged as 
the letter V, yields a scattering curve that essentially 
describes our data. It is then interesting to note that 
the functions of Sl support he idea of at least two 
structural domains, cf. [23-251. However, it must be 
kept in mind that many models might explain the 
X-ray scattering data and at this stage of the investiga- 
tion where only models having a limited number of 
parameters can be considered, the V-shaped cylinder 
model of fig.3 should only be considered as the very 
first, plausible model. 
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